Application of Superhydrophilic/Superhydrophobic Surfaces in Lab on a Chip by 阴启明
学校编号：10384                             分类号         密级         





硕 士 学 位 论 文 
 
超亲疏水表面在芯片实验室中的应用 
Application of Superhydrophilic/Superhydrophobic  




指 导 教 师 ：周勇亮 副教授 
专 业 名 称 ：应用化学 
论文提交日期：2008年 5 月 
论文答辩日期：2008年 6 月 
学位授予日期：2008年   月 
 
 
答辩委员会主席：             


















































1.保密（  ），在  年解密后适用本授权书。 




作者签名：          日期：      年      月      日 

















§ 1-1  超亲疏水表面..................……………………………………………………................1 
§ 1-1-1 自然界中的特殊浸润现象 ..................................................................................1 
§ 1-1-2 超疏水表面的制备 ..............................................................................................2 
§ 1-1-3 超亲水表面的制备 ............................................................................................ 10 
§ 1-1-4 浸润性的基础理论 ............................................................................................ 11 
§ 1-2  芯片实验室技术.....................................….……………………………………..........13  
§ 1-3  超亲疏水表面在芯片实验室中的应用.....................................….…………………..15  
§ 1-4  论文的目的和设想….………………………………………………………………...16  
 
第二章 超亲疏水表面制备及污染与清洁过程研究 ................................................................... 29 
§ 2-1  引言……………………………………………………………….................................29  
§ 2-2  实验部分……………………………………………………………………………...30  
§ 2-2-1 试剂和仪器 ....................................................................................................... 30 
§ 2-2-2 实验方法 ........................................................................................................... 31 
§ 2-3  结果与讨论…………………………………………………………………………...33  
§ 2-3-1 四种浸润性表面的形貌 ................................................................................... 33 
§ 2-3-2 液滴在不同浸润性表面的铺展 ....................................................................... 33 
§ 2-3-3 液滴在不同浸润性表面的蒸发过程 ............................................................... 35 
§ 2-3-4 灰尘在不同浸润性表面的聚集状态及清洗 ................................................... 36 
§ 2-4  本章小结……………………………………………………………………………...40  
 
第三章 超亲水表面及机理研究................................................................................................... 44 
§ 3-1  引言………………………………………………………………………….……………44. 
§ 3-1-1 超亲水机理研究现状 ....................................................................................... 44 
§ 3-1-2 多孔氧化铝的结构和生长机理 ....................................................................... 45 
§ 3-2  实验部分.......................................................................................................................49  
§ 3-2-1 试剂和仪器 ....................................................................................................... 49 
§ 3-2-2 实验方法 ........................................................................................................... 49 
§ 3-3  结果与讨论…………………………………………………………………………..50  
§ 3-3-1 电化学模式的选择 ........................................................................................... 50 
§ 3-3-2 恒流模式的优化 ............................................................................................... 52 
§ 3-3-3 电化学条件对氧化铝结构的影响 ................................................................... 53 
§ 3-3-4 氧化铝结构与浸润性的关系 ........................................................................... 55 
§ 3-3-5 超亲水氧化铝的稳定性 ................................................................................... 57 
§ 3-4  本章小结………………………………………………………………………………57 
 
第四章 超亲水/超疏水图案改善微阵列芯片质量...................................................................... 61 
§ 4-1  引言...............................................................................................................................61  
§ 4-2  实验部分.......................................................................................................................63  













§ 4-2-2 图案化表面的制作 ........................................................................................... 64 
§ 4-2-3 FITC 的吸附和荧光斑点的数据处理............................................................... 65 
§ 4-2-4 蒸发过程的监测 ............................................................................................... 65 
§ 4-2-5 量子点示踪 ....................................................................................................... 65 
§ 4-2-6 荧光免疫检测 ................................................................................................... 65 
§ 4-3  结果与讨论…………………………………………………………………………...67  
§ 4-3-1 氧等离子体加工参数的选择 ........................................................................... 67 
§ 4-3-2 激光器加工参数的选择 ................................................................................... 68 
§ 4-3-3 FITC 点样浓度范围的选择............................................................................... 71 
§ 4-3-4 超亲水/超疏水图案对“咖啡环效应”的抑制................................................... 72 
§ 4-3-5 液滴内部毛细管流监测 ................................................................................... 74 
§ 4-3-6 液滴体积对斑点均匀性的影响 ....................................................................... 74 
§ 4-3-7 液滴在超亲水/超疏水图案化表面的蒸发 ...................................................... 75 
§ 4-3-8 超亲水/超疏水图案对免疫微阵列质量的改善 .............................................. 77 
§ 4-4  本章小结………………………………………………………………………………78  
 
第五章 亲疏水图案表面 PS 微球组装及拉曼增强应用............................................................. 81 
§ 5-1  引言…………………………………………………………………………………... 81 
§ 5-2  实验部分………………………………………………………………………………83  
§ 5-2-1 试剂和仪器 ....................................................................................................... 83 
§ 5-2-2 亲疏水图案的制作 ........................................................................................... 83 
§ 5-2-3 对流控制(拉膜法)自组装 PS 微球 .................................................................. 84 
§ 5-2-4 反应等离子刻蚀(RIE) ...................................................................................... 84 
§ 5-2-5 磁控溅射 Au 以及 SEM 表征 .......................................................................... 84 
§ 5-2-6 SERS 检测 ......................................................................................................... 84 
§ 5-3  结果与讨论 …………………………………………………………………………..85 
§ 5-3-1 PS 微球溶液浓度对组装效果的影响 ............................................................... 85 
§ 5-3-2 PS 球 RIE 刻蚀的条件优化 .............................................................................. 87 
§ 5-3-3 SERS 效应的检测.............................................................................................. 87 
















Chapter 1 Introduction..............................................................................................................................1 
§1-1 Surfaces with Specail Wettability.........……………………………………........................1 
§1-1-1 Phenomenon of Specail Wettability ......................................................................1 
§1-1-1 Preparation of Superhydrophilic Surfaces .............................................................2 
§1-1-3 Preparation of Superhydrophobic Surfaces ......................................................... 10 
§1-1-4 Basic Theory.................................................................................................... …11 
§1-2 Lab on a Chip………………………………..........……………………………………..13 
§1-3 Application of Specail Wettability in Lab on a Chip.……………………….…….……..15 
§1-4 The Scheme of This Thesis….………………………………………………...……........16  
 
 Chapter 2 Fabrication of Superhydrophilic/Superhydrophobic Surfaces and Study on Process of 
Cleaning ………………………………… ……………………...………...……..............29 
§2-1 Introduction……………………………………..................................................................29  
§2-2 Experiment……………………………………………………………………………....30  
§2-2-1 Materials and Apparatus ...................................................................................... 30 
§2-2-2 Methods ............................................................................................................... 31 
§2-3 Result and Discussion…………………………………………………………………... 33 
§2-3-1 SEM Images of Surfaces Fabricated ................................................................. 33 
§2-3-2 Spreading of Drop on Surfaces Fabricated.......................................................... 33 
§2-3-3 Evaporation of Drop on Surfaces Fabricated....................................................... 35 
§2-3-4 Aggregation of Particles on Surfaces Fabricated................................................. 36 
§2-4 Conclusions………………………………………………………………………………40  
 
Chapter 3 Mechanism of Superhydrophilic Surfaces .............................................................................44 
§3-1 Introduction……………………………………………………………………………….44  
§3-1-1 Mechanism of Superhydrophilicity ..................................................................... 44 
§3-1-2 Growing Mechanism of Anodic Alumina............................................................ 45 
§3-2 Experiment..........................................................................................................................49  
§3-2-1 Materials and Apparatus ...................................................................................... 49 
§3-2-2 Methods ............................................................................................................... 49 
§3-3 Result and Discussion………………………………………………………………….. 50 
§3-3-1 Electrochemical Mode......................................................................................... 50 
§3-3-2 Optimizing of Current Mode ............................................................................... 52 
§3-3-3 Eletrochemical Conditions and Structure of Anodic Alumina............................. 53 
§3-3-4 Structure and Wettability of Anodic Alumina...................................................... 55 
§3-3-5 Stability of Superhydrophilic Anodic Alumina ................................................... 57 
§3-4 Conclusions………………………………………………………………………………..57 
 
 Chapter 4 Improving Quality of Microarray Chip on Superhydrophilic/Superhydrophpbic Patterned 
Surfaces ...........................................................................................................................61 













§ 4-2 Experiment.........................................................................................................................63  
§4-2-1 Materials and Apparatus ...................................................................................... 63 
§4-2-2 Preparation of Patterned Surfaces........................................................................ 64 
§4-2-3 FITC Spotting and Analysis ................................................................................ 65 
§4-2-4 Evaporation of Drop on Patterned Surfaces ........................................................ 65 
§4-2-5 Tracking of Capllary Flow by CdTe Quantum Dots............................................ 65 
§4-2-6 Immunoreaction................................................................................................... 65 
§ 4-3 Result and Discussion…………………………………….……………………………... 67 
§4-3-1 O2 Plasma Parameters.......................................................................................... 67 
§4-3-2 Laser Parameters ................................................................................................. 68 
§4-3-3 Concentration of FITC ........................................................................................ 71 
§4-3-4 Suppressing of Ring Stain with Patterned Surfaces............................................. 72 
§4-3-5 Behavior of Capillary Flow in a Drying Drop..................................................... 74 
§4-3-6 Effect of Drop’s Volume on Suppressing Performance ....................................... 74 
§4-3-7 Evaporation of a Drop on Patterned Surfaces .................................................... 75 
§4-3-8 Improving Quality of Immunochip on Superhydrophilic/Superhydrophpbic 
Patterned Surfaces........................................................................................................... 77 
§ 4-4 Conclusions…………………………………………………………………………….... 78 
 
Chapter 5 Self-Assemble of PS Microspheres on Patterned Surface and SERS Detection....................81 
§ 5-1 Introduction……………………………………………………………………………... 81 
§ 5-2 Experiment……………………………………………………………………………....83  
§ 5-2-1 Materials and Apparatus ..................................................................................... 83 
§ 5-2-2 Preparation of Patterned Substrate ..................................................................... 83 
§ 5-2-3 Self-Assemble of PS Microspheres on Patterned Surface .................................. 84 
§ 5-2-4 RIE...................................................................................................................... 84 
§ 5-2-5 Magnetron Sputtering Au ………………………………………………………….84 
§ 5-2-6 SERS Detection .................................................................................................. 84 
§ 5-3 Result and Discussion ……………………………………………………………..…85 
§ 5-3-1Concentration of PS Solution .............................................................................. 85 
§ 5-3-2 Parameters of RIE............................................................................................... 87 
§ 5-3-3 SERS Detection .................................................................................................. 87 
























































































“Lab on a chip” technology has been developing rapidly from early 1990s due to 
its great scientific significance and broad application, which is a functional system 
with miniaturization and integration of unit operations including pre-treatment, 
separation, reaction and detection in a conventional chemical or biological laboratory. 
Chips with micro-scale structures have advantages of high throughput, short time for 
reaction or detection, high efficieny and less consumption of reagents. On the other 
hand, the characters related to a solid surface become more important factors due to 
requests for miniaturization and integration. Wettability is one of the most important 
properties of a solid surface, so research in wettability of surfaces may be helpful for 
understanding of the physical and chemical laws in micro-scale and developing new 
micro-technology for unit operations. 
The manipulation of aqueous solution which was involved in the majority of 
chemical and biological system was one of the key issues in the field of lab on a chip. 
So, research in wettability of chip’s surfaces was of great significance. 
In this present thesis, we proposed and established several methods of preparing 
superhydrophilic or superhydrophobic surfaces to investigate the relationship between 
morphology and wettability of surfaces. The evaporation of water drop and 
distribution of solutes were also investigated on superhydrophilic or 
superhydrophobic surfaces. Furthermore, superhydrophilic or superhydrophobic 
surfaces were used to fabricate microarrays and assembly of nanoparticles. Main work 














(1) Superhydrophilic surfaces of TiO2 and superhydrophobic surfaces of PS were 
prepared with sol-gel and electrospinning methods respectively. And spreading of 
drops and aggregation of dust particles on surfaces with different wettabilities were 
investigated. We revealed the moving contact line of a drop on superhydrophilic or 
superhydrophobic surface could prevent the dust particles to aggregate, so adhesive 
force between particles and surface was decreased, which caused easy-cleaning. 
(2) An electrochemical method was used to prepare different kinds of surfaces 
including “honeycomb”-like and “bird’s nest”-like surfaces on anodic aluminum 
oxide (AAO) films. The relationship between the morphology and wettability of the 
AAO films was investigated by scanning electron microscopy and the measurement 
of water contact angles. 
(3) Several methods of fabricating hydrophilic/hydrophobic patterned surfaces 
were established, and the evaporation of water drop and distribution of solutes were 
investigated on hydrophilic/hydrophobic patterned surfaces. We showed that 
“ring-stain effect” decreased with increasing of surface free energy differences 
between the hydrophilic and hydrophobic regions. Furthermore, a protein array was 
prepared on the superhydrophilic/superhydrophobic patterned surface where 
immunoreactions were carried out. As a result, spot uniformity was greatly improved 
significantly. 
 (4) A regular self-assembly of PS microspheres was realized on 
superhydrophilic/hydrophobic patterned surface, and the spaces between 
microspheres could be controlled with RIE method. After that, SERS substrates were 
fabricated through sputtering Au on microspheres, and SERS detections were carried 
out using pyridine as the probe molecule. It was found that the intensity of SERS 
signal increased with decrease of space between microspheres. This method may be a 
convenient approach of fabricating chips for SERS detection.  
Key Words：Superhydrophilic；Superhydrophobic；Lab on a chip；Easy cleaning；












































图 1-1  荷叶表面扫描电镜图(A.微米级的乳突，B.乳突的纳米结构) 












































图片来源：Gao X.F., Jiang L. Nature, 2004. 

































Khorasan 等[9]利用 CO2 脉冲激光加工 PDMS 表面，加工后表面与水接触角





逆“开关”表面，即环境温度高于 40°C 时，接触角大于 150°，显示超疏水性；










































































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
